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1)2) Decision making for revascularization based on angiography alone without noninvasive testing can be difficult for intermediate or ambiguous coronary stenoses.
3) Therefore, coronary angiography alone can frequently misdiagnose functional severity in specific lesion subsets.
4)5)
Fractional flow reserve (FFR) is a physiological index of ischemia secondary to coronary artery stenosis, and FFR-guided coronary revascularization with drug-eluting stents improves patient outcomes.
4)6)
We assessed predictors of mismatch between FFR and QCA analysis in patients with coronary lesions.
Subjects and Methods
Patient population and study design A total of 673 patients (893 lesions), who underwent coronary angiography and an invasive physiological evaluation using a pressure wire before intervention between May 2006 and June 2012, were consecutively screened for the current analysis. In total, 462 patients with 643 lesions were finally included (Table 1 ) based on the following criteria. All patients had at least one target vessel with >30% stenosis diameter measured by QCA analysis and were not eligible for enrollment if they had: 1) undergone primary or emergent PCI for acute coronary syndrome, 2) prior coronary artery bypass graft surgery, 3) multiple lesions in the same epicardial artery, 4) lesions treated previously by PCI, 5) previous infarcted lesion, 6 ) left main disease, primary myocardial disease, or a major life threatening illness, or 7) contraindications to adenosine, aspirin, or clopidogrel. All lesions were divided into four groups: true positive (TP), FFR ≤0.80 and diameter stenosis (DS) ≥50%; false positive (FP), FFR >0.80 and DS ≥50%; true negative (TN), FFR >0.80 and DS <50%; and false negative (FN), FFR ≤0.80 and DS <50%. DS was measured by QCA analysis. Clinical risk factors and lesion characteristics were compared between the FP and TP groups, and between the FN and TN groups ( Table 2 ). The study outcomes were the incidence and predictors of coronary lesions with a function-anatomy mismatch. 
Fractional flow reserve
Fractional flow reserve was defined as the ratio between mean distal coronary pressure and mean aortic pressure, measured simultaneously at maximal hyperemia. Coronary pressure was measured using a 0.014-in sensor-tipped PCI guidewire (Pressure Wire, RADI Medical Systems, Uppsala, Sweden; Saint Jude Medical, Sylmar, CA, USA). The wire was introduced through a 6-or 7-Fr guiding catheter, equalized, and advanced distal to the stenosis as described previously. The FFR value was checked after administering adenosine to induce maximal hyperemia, either intravenously (≥40 μg/kg/min) or into a coronary artery (≥40 μg in the right, or ≥80 μg in the left coronary artery).
7)8)

Angiographic analyses
The QCA analysis was performed in the core laboratory at Keimyung University Dongsan Medical Center by an experienced observer who was blinded to the FFR value. Reference vessel diameter (RVD), minimal lumen diameter (MLD), and lesion length (LL) were measured using the guiding catheter for calibration and an edge detection system (CAAS 5.7 QCA system, Pie Medical, Maastricht, The Netherlands), and percent DS (%DS) was calculated.
Statistical analyses
Results are expressed as mean±standard deviations for continuous variables and frequencies for categorical variables. Comparisons of continuous variables were performed using Student's t-test. Analysis of discrete variables was performed using the chi-square test. Multiple logistic regression analysis was used, and variables with a univariate value of p<0.20 and historically proven risk factors were incorporated into the multivariate models. All statistical analyses were performed using SPSS ver. 19.0.0 (IBM, Armonk, NY, USA) and a p<0.05 was considered significant.
Results
Baseline characteristics
A total of 462 patients (643 de novo lesions), who underwent coronary angiography and FFR assessment, were consecutively enrolled. Baseline clinical and angiographic characteristics are summarized in Table 1 . The incidence of diabetes was 27%. Left anterior descending artery (LAD) lesions accounted for 67% of the lesions. Mean FFR at maximal hyperemia was 0.81±0.11. FFR ≥0.80 was seen in 37.0% of lesions.
Prevalence of angiographic and functional mismatch
The optimal cutoff value of angiographic %DS for predicting FFR ≤0.80 was 53% (area under the curve, 0.73; 95% CI, 0.69-0.77; p<0.001), with sensitivity of 61% and specificity of 75%. The overall incidence of function-anatomy mismatched lesions was 40.4% (260/643 lesions). Although angiographic %DS significantly correlated with FFR (p<0.001, r=-0.40), FFR >0.80 as FP was seen in 218 (52.7%) among the 414 lesions with angiographic %DS ≥50%. In contrast, FFR ≤0.80 as FN was found in 42 (18.3%) among the 229 lesions with DS <50% (Fig. 1) . Furthermore, if only intermediate lesions (%DS, 30-70%) were included, 43.5% (219/503) were mismatched; the FP rate was 60.9%, and the FN rate was 18.4%.
Predictors of angiographic and functional mismatch
The FP group had lower proportions of LAD location and multivessel disease (MVD), shorter LL, and larger MLD, whereas the FN group had lower frequencies of smoking and hyperlipidemia, higher frequency of MVD, and smaller mean RVD and MLD ( 
Discussion
The major findings of the study were: 1) anatomical-functional mismatch was not rare, with FP and FN mismatch between QCA and FFR of 52.7% and 18.3%, respectively, 2) an estimate of lesion severity should be performed considering several clinical and angiographic factors, such as age, cardiovascular risk factors, disease extent, and lesion location, and 3) although QCA is more reliable than a visual estimate, precise characterization of lesion severity should include confirmation by a functional evaluation in specific lesion subsets. Despite the development of many noninvasive imaging tests, coronary angiography remains an unsurpassed tool for cardiologists to perform revascularization. 9) Although QCA more precisely assesses the dimensions of a stenotic segment, 1) QCA-calculated severity does not always correlate with clinical presentation of related symptoms.
2)
The most important factor related to outcome in a patient with coronary artery disease is the presence and extent of inducible ischemia.
10)11) FFR is an accurate and lesion-specific index to indicate whether a particular stenosis or coronary segment is responsible for ischemia.
12-14)
In this study, the overall mismatch between QCA and FFR was not rare and was detected in 40.4% (260/643) of lesions. Among the 414 lesions with angiographic DS ≥50%, 218 (52.7%) were in the FP category after the functional assessment. In contrast, among the 229 lesions with DS <50%, 42 (18.3%) were FN. Our findings are similar to those in a recent study by Park et al., 15) who reported a 57% incidence for FP and 16% for FN. In addition, unlike the previous study, our new data analysis indicated that extents of diseased vessel were predictors of FP and FN. Therefore, FFR-guided PCI reduces the over-or under-estimation of angiographic lesion severity, particularly for intermediate and ambiguous lesions. In the highly effective drug-eluting stent era, confirming functional severity of lesions that cannot be ignored for revascularization can help prevent In the multivariate analysis, lesion location, extent of diseased vessels, RVD, MLD, LL, aging, and smoking were associated with mismatched lesions. A non-LAD lesion could be an important predictor of angiographic overestimation in the current study. The large burden of myocardium in the LAD territory compared with that of other major coronary arteries could be an explanation for this phenomenon. Proximal LAD lesions are associated with significantly lower FFR values and a higher rate of positive FFR compared to those in the left circumflex and right coronary arteries.
16) A significant inverse correlation is observed between the FFR value and the amount of jeopardized myocardium. The extent of diseased vessels physiologically affects coronary stenosis. MVD was a predictor of FN lesions in the current analysis. Because of possible diffuse disease, MVD has a lower FFR than single-vessel disease (SVD) for a given degree of stenosis. Furthermore, nonculprit lesions in MVD could be underestimated by QCA due to the diffusivity of a stenotic culprit lesion, compared with a similar stenotic SVD.
Lesion severity can be underestimated at a younger age compared to that in the elderly, which could be explained by a stronger response to adenosine and better microvascular circulation compared to those in the elderly. 17) Smoking as an inverse predictor of FN could also be explained by microvascular dysfunction. Because MLD and LL are main determinants of functional significance in coronary lesions, 14) larger MLD and shorter LL for a given stenosis could have been the cause for angiographic overestimation in the current study. Although it appears significant angiographically, a larger MLD guarantees blood flow in the corresponding territory. Not surprisingly, lesion length can also affect lesion severity. Lesion length is an important geometric variable positively correlated with the trans-stenotic pressure gradient. In contrast, an angiographic assessment could lead to underestimating relatively diffuse coronary disease or small artery disease. Use of the FFR value in a functional evaluation of coronary artery disease can prevent under-or overestimating using an angiographic-only assessment. Baseline risk factors such as aging and smoking, and angiographic factors such as extent of diseased vessels, MLD, RVD, and LL should be carefully considered when evaluating coronary lesion severity. Nevertheless, it may be difficult to determine the functional significance of the indicated lesion. Therefore, a lesion-based functional evaluation such as FFR should be applied in specific situations.
Limitations
Several limitations of this study should be mentioned. First, this study was performed retrospectively in a single center on a relatively small population, thereby possibly not devoid of selection bias. However, the large number of lesions analyzed could partly overcome the latter limitation. Second, we could not co-evaluate functional status of other vessels, which could have affected the lesion's FFR value in MVD. Third, factors regarding coronary dominancy that can affect coronary functional status were not evaluated. Fourth, intravascular ultrasound (IVUS) was not analyzed. IVUS more accurately shows lesion severity. However, in another comparative study, about 30% of lesions were still under-or overestimated by IVUS criteria compared with that of FFR, as in our study.
18) Fifth, we used various adenosine administration methods, which could have lead to under-or overestimating lesion severity by FFR. Finally, clinical outcomes could not be evaluated in our study.
Conclusion
Mismatch between function assessed by FFR and anatomy by angiography is not rare in patients with coronary artery disease. FP FFR was more common in patients with a non-LAD artery location, SVD, shorter lesion length and larger MLD, FN FFR in MVD, aging, smoking, and smaller reference vessel diameter. Therefore, an angiographic-only dedicated lesion evaluation in the catheterization room might under-or overestimate actual coronary lesion severity.
